The test of distinctiveness, uniformity, and stability (DUS) is a necessary step for variety identification and new variety application. The objective of this study is to provide molecular marker-assisted approach combined with morphological trait-based testing for more convenient and fast DUS test and identification of varieties. Eighteen pairs of SRAP markers and 40 morphological traits for DUS test were applied for genetic diversity analysis of 50 lettuce (Lactuca sativa) varieties. Average polymorphism information content (PIC) of the SRAP markers was 0.80, ranging from 0.39 to 0.97. Cluster analysis using UPGMA of the band patterns amplified by SRAP marker and morphological trait-based clustering separated the varieties into three groups. The correlation coefficient of SRAP marker and morphological traits was 0.5455 reflecting that the two clustering results shared some similarity and consistence. It revealed that the combination of both SRAP marker and morphological trait analysis is more conducive to proper identification and classification of plant varieties, which will undoubtedly bring an alternative choice to DUS testing of plant new varieties and conservation of plant germplasm.
Introduction
Lettuce (Lactuca sativa) is an annual or biennial herb belonging to the genus Lactuca Linn, of the family Asteraceae. It is comparatively rich in minerals and vitamins, with high nutritional value (Jiang, 2007) . In recent years, the utilization of lettuce including those imported from abroad, and the progress of lettuce breeding have made germplasm resources in China becoming much more diversified, which have laid a solid foundation for innovation of lettuce varieties. But at the same time, it also poses new challenges for new variety application and variety identification and protection for lettuce.
Founded in 1961, the Union for Protection of New Varieties of Plants (UPOV) provides a lot of guidelines and standards for dealing with matters of economically useful plant species. The test for distinctiveness, uniformity, and stability (DUS) is one major part of the guidelines and standard provided by UPOV which laid the foundation for the testing and protection of new varieties. China in 1999 became the organization's 39th member states, making the regulations on the protection of new varieties of plants an official practice in China (Li and Li, 2003; Kwon et al., 2005) .The traditional system of DUS testing technique basically tests morphological traits, including the choice of standard unified morphological characteristics or agronomic traits and the order of testing technology, as well as the database based on these traits. The morphological trait-based testing is a time-consuming process, requiring large areas of land for planting and easily subjecting to environmental impact (Cooke, 1995; Van Beuningen and Busch,1997) , while the testing based on genome DNA fingerprinting technique is relatively simple and accurate, which could identify the difference of species that are difficult to be indentified by phenotypes (Wiel, 1999) .
There are a variety of DNA marker techniques, such as random amplified polymorphic sequence (RAPD) (Juchum et al., 2007; Ro et al., 2007) , amplified restriction fragment polymorphism (AFLP) (Percifield, 2007; Yuan et al., 2007) and microsatellite markers (SSR) (Legesse et al., 2007; Tommasini et al., 2003) . They are widely applied in species or varieties identification, evaluation of genetic diversity, but few reports are available on systematically comparative analysis of two kinds of testing approaches, such as morphological method and molecular marker method. Comprehensive analysis with morphological and DNA molecular markers helps to overcome the shortcomings of morphological markers, improve DUS testing system, and to ensure the authorized objectiveness and impartiality and accuracy of plant new variety test , which plays an important role in the protection of intellectual property rights of new varieties of plants ( Zhang et al., 2000) .
In this study, based on morphological characteristics of DUS testing techniques in lettuce, combined with sequence-related amplified polymorphism (SRAP) markers (Li and Quiros, 2001) , comparative analysis of genetic relationship on 50 different types of lettuce varieties was carried out which aimed at identification and innovation of lettuce germplasm resources, and at providing a scientific basis for molecular marker-assisted breeding in lettuce as well as providing the necessary reference for further improvement of the DUS testing technology.
Materials and methods

Materials and chemical reagents
Fifty varieties of lettuce used in this study were provided by Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences (Table 1) . Geographical distribution of these materials almost covers whole mainland of China. SRAP markers were synthesized by Shanghai Sangon Biological Engineering Technology Company. Tag-DNA polymerase, dNTPs, MgCl 2 , 10×Reaction PCR Buffer were purchased from Shanghai Shenergy Bioscience & Technology Co., Ltd, China.
Methods
SRAP marker testing
The seeds were sterilized, sowed in Petri dishes and kept in refrigerator at 4 ℃ for 2-3 days, and then transferred to 25 ℃ culture incubator until plants grow to the three-leaf stage. Genome DNA was extracted from lyophilized leaf tissues by 2% CTAB and precipitated by 1.5 volume of 1% CTAB according to the method by Murry and Thompson with modification (1980) . Primers were designed as described by Li and Quiros (2001) . The primers applied in this study were listed in Table 2 . The PCR mixture consists of 50 ng of DNA template, 0.75 mmol of each primer, 1×Reaction Buffer, 2.0 mmol Mg 2+ , 0.2 mmol dNTPs, 1U Tag polymerase.in a total volume of 20 μl. The amplification was carried out in four steps: pre-denature at 94℃ for 5 min, followed by 5 cycles of 1 min denature at 94℃,1min annealing at 35 and 1 min extension at 72 ℃ ℃ , then 30 cycles of 1 min at 94℃, 1min at 51℃and 1 min at 72℃. And finally, a final step of extension at 72 °C for 7 min completed the SRAP-PCR amplification. The PCR products (2.5 μl) were separated by electrophoresis on a 6% denaturing acrylamide gel at 60 W constant power for 1h. Then remove the gel for silver staining (Calvert et al., 1995) .
Morphological trait-based testing
The 50 varieties of lettuce were planted in the experimental fields by randomized block design with three replications. Lettuce plants were planted by 25 cm spacing in rows with 40 cm row spacing. In accordance with the DUS testing requirements for lettuce by UPOV, 40 traits had been tested (Table 3) .
Data collection and analysis
The PCR amplified products were scored as 1 or 0 respectively for the presence or absence of bands across the genotypes to generate a binary matrix. The binary matrix was analyzed using the NTSYS-PC version 2.10 software to calculate the similarity values and to generate the phylogram. At the same time, polymorphism information content (PIC) was calculated from the formula (Smith et al., 1997) .
While Pij is the frequency of the jth SRAP allele in clones or varieties (i).
In order to compare phenotypic data with the molecular marker analysis by SRAP, phenotypic data were classified into qualitative traits and quantitative traits. For qualitative traits, the presence and absence of the characteristic traits were scored as 1 and 0, respectively. For quantitatively traits, the data were transformed to binary form matrix followed the recommendation by UPOV and the methods by Giancola et al. (2002) .
Similarity coefficient was calculated using the software NTSYS-PC version 2.10 ( Nei, 1973; Nei and Li, 1979) . Cluster analysis was conducted on similarity using the unweighted pair group method on arithmetic averages (UPGMA). The correspondence between the morphology and SRAP-based similarity coefficient matrixes was tested on the basis of correlation analysis.
Results and analysis
Amplified polymorphism using SRAP maker
In the preliminary experiments, all 255 SRAP primer pairs (combinations of 17 forward primers and 15 reverse primers) were used to screen a set of 6 lettuce varieties differing in morphological traits, namely 'Xiang', 'Wanlvye', 'Wanziye', 'Boli', 'Cuiye', and 'Yuanyeqin'. Of the 255 primer pairs, 18 (7.06%) revealed best polymorphism in varieties of the different morphological lettuce types (data not shown). As a result, all the 50 testing varieties were examined for genetic polymorphism using by using these 18 primer pairs.
A total of 549 bands were amplified from the 18 primer pairs for the 50 lettuce varieties, with an average number of amplified bands over 30 for each primer pair. Of the 549 bands, 464 were polymorphic bands, with an average of 25 polymorphic bands per primer pair (Table 4 ). Polymorphism rate generated by different primer pairs varies from 60-92% with an average of 83.7%. The No.9 primer pair produced the most bands, reaching to 59 bands in which 53 were polymorphic bands (90%). These findings indicated that SRAP marker could generate higher polymorphism, suitable for analysis of genetic diversity.
PIC value (Polymorphic information content), is a correlation function of allele frequency and change in allele number, reflecting the degree of gene variation among different varieties (Smith et al., 1997) . Based on Bostein's (1980) point of view, when PIC value of a loci is higher than 0.5, this loci is of high diversity. While PIC value falls between 0.25 and 0.5, the loci belongs to middle diversity loci. If PIC value of a loci is lower than 0.25, it is a low diversity loci. Thereafter, markers with higher PIC value possess higher power to identify varieties. In this study, the PIC values of selected SRAP markers were estimated at 0.393-0.975 with an average of 0.798, indicating that SRAP markers have high capacity to identify lettuce species and the testing varieties possess relatively high genetic diversity.
Analysis of genetic relationships between lettuce varieties using SRAP markers
The genetic similarity coefficient shows the genetic relationship between two varieties. The 18 polymorphic SRAP markers used in this study were able to distinguish 46 lettuce varieties tested. Only variety No. 29/31 and No. 38/39 did not show diversity by all these markers and could not be distinguished from each other. Similarity coefficient of the SRAP markers ranged from 0.39 to 0.97.
The cluster analysis on the basis of genetic correlation coefficient generated by SRAP markers classified the tested varieties into three main clusters (Fig. 1 ). All varieties in the first cluster（No.1, 2, 3, 4） and the third cluster（No.5, 9, 10, 49, 50）were leaf lettuce. 
Cluster analysis based on phenotypic traits
Investigation of forty morphologic traits in the fifty lettuce varieties revealed significant genetic differences among the varieties. Similarity coefficient ranged from 0.44 to 0.93 (Fig.2) , reflecting wide genetic variation. Except variety No.43 (Baipijitui) and No.48 (Liuye), all other varieties could be distinguished from each other. The lettuce varieties tested in this study were clustered into three main groups, which was basically the same as the clustering result by SRAP markers as to the numbers of main group. But there were also some differences between the SRAP markers and morphologic traits clustering results as to the specific varieties in each group if we compare the clustering results generated by these two methods in this study. Cluster one and cluster three by SRAP correspond to cluster one and cluster two by phenotypic traits (Fig. 1 and Fig. 2 ). Many varieties are common in the clusters by the two methods, but cluster one and two by phenotypic traits contain much more varieties than cluster one and three by SRAP.
In the first group, three of all the six varieties（No1, 5, 9, 10, 49, 50）were from Shanghai local region. Six of the thirteen varieties in the second group were leaf lettuce, clustered into sub-group Ⅱ-1, mainly from cities of Fujian and Guangdong provinces, South-Eastern China. Another sub-groupⅡ-2 was stem lettuce, mainly from Anhui and Henan province, Eastern and Central China. The third group contained the most varieties, twenty one of the tested fifty varieties, all belonging to stem lettuce varieties. As a result, clustering analysis by morphological traits classified the tested varieties into stem and leaf lettuces according to the edible habits. Furthermore, varieties with near geography origin were clustered into a relatively minor range, reflecting the geographical differences in the ecological types of lettuces.
Correlation and comparison between SRAP markers and morphological traits
The comparison between SRAP marker and morphological trait-based clustering results indicated that the two kind of markers resulted in difference to some extend in genetic correlation coefficient between varieties (the similarity coefficient ranged from 0.44 to 0.93 for morphological traits compared with that for SRAP markers ranging from 0.89 to 0.99). But the result of clustering analysis as a whole was consistent between the phenotypic and SRAP methods. For those varieties with similar morphological traits, they were also clustered into the same group by SRAP markers. The correspondence between the morphological traits and the SRAP-based similarity coefficient matrices was tested in a correlation analysis (Fig.3) . The correlation coefficient was 0.5255. The SRAP marker-based clustering of lettuce varieties showed similarity to the dendrogram topoloies of the morphological trait-based clustering, although there were some differences in the positioning of lettuce varieties in the sub-groups.
Discussion
There are many examples of successful application of molecular markers in genetic diversity analysis and cultivar identification. SRAP marker with the advantages of RAPD markers and AFLP markers is a relatively new type of molecular marker and is more suitable for application in practice because of its features such as simple, low-cost test, security and rich in polymorphism (Li and Quiros, 2001; Li and Zhang, 2005) . Rich polymorphism of these features is the most important characteristics. Ferriol et al. (2004) found in their study that 11 pairs of SRAP primers in amplifying DNAs of 47 pumpkin materials produced 148 bands, of which 98 were polymorphic bands, with polymorphism rate of 66.2%. While in the study by Guo and Luo (2006) , the polymorphism rate was even higher, being 80.88%. The result of polymorphism rate in our experiment was 83.7%, basically in the same trend with the previous studies.
SRAP markers with high polymorphism made its application in DUS testing and analysis of genetic diversity become possible. To different varieties with similar agronomic traits, traditional morphological markers were difficult to identify clearly, but SRAP markers made the discrimination among these varieties simple. In the present study, tested cultivars No. 43 (Baipijitui) and No. 48 (Liuye) could not be separated by morphological traits, but SRAP markers discriminated them well. However, there were also varieties (Longtai and Woshun; Xwqing and Baipiyuan) that could not be distinguished from each other by the SRAP marker in this study. It was the same as in the study by Ferriol et al. (2003) , which maybe caused by the small genetic differences between commercial cultivars. Therefore, a more viable solution is to increase the number of SRAP markers.
The morphological traits are strongly affected by environmental condition which is often questionable in distinction and identification of the varieties. Furthermore now popularized hybrid varieties showed low variation at the genetic level which brings tremendous inconvenience for DUS test. The SRAP markers directly amplify genetic material-DNA and the results of amplification reflect the differences in genome level without anything to do with the external environmental conditions, greatly increasing the reliability and stability of the test results (Li and Quiros, 2001; Pan et al., 2005) . These methods meet the basic requirements of DUS test.
In addition, the clustering results from SRAP molecular markers and morphological traits in this study were not exactly the same, indicating different marker methods revealed differences in studying genetic diversity. It may be due to different molecular markers reflect the genetic variation in different regions of genome. Each marker method analyzed different loci numbers, causing relatively some variation in genetic distance and thus possibly leading to minor differences in clustering results by different markers. Several researchers have reported the difference to some extend in calculating genetic distance between morphological traits and molecular marker analysis, or even between different molecular markers in studying genetic diversity of rape, pepper and other crops (Fufa et al., 2005; Tang et al., 2008) . Despite these minor differences between varieties in the specific positions of cluster tree in the current study, the main cluster trend was the same, and the correlation coefficient of 0.5255 clearly reflected this trend.
To make a summary, the various features of SRAP markers are very beneficial to DUS testing of new plant varieties and analysis of genetic relationship. With the increasing number of new lettuce varieties and reference collections, the application of molecular markers such as SRAP marker would be a nice option. It could effectively avoid the defects of traditional morphological markers. The result in the present study revealed that the combination of both SRAP marker and morphological trait analysis is more conducive to proper identification and classification of plant varieties, which will undoubtedly bring a new breakthrough to DUS testing of plant new varieties. Table 4 . Description for SRAP markers examined in the 50 lettuce varieties Figure 1 . Dendrogram depicting the classification of the 50 lettuce varieties constructed using UPGMA and based on SRAP markers. The tested varieties were grouped into three major groups marked on the left side of the dendrogram. The scale at the bottom is the similarity coefficient 7  11  13  12  20  22  14  15  19  17  23  30  33  16  47  35  38  39  37  36  43  40  48  42  21  26  32  24  28  34  46  44  18  25  27  29  31  41  5  9  10  49 5  9  49  50  10  2  34  8  3  6  4  7  11  13  19  22  33  30  12  17  32  47  15  25  45  16  27  28  37  42  41  31  46  14  20  21  24  29  43  48  36  40  35  39  38  18  23  26 
